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ABSTRACT
We present a new XMM-Newton spectrum of the Seyfert 2 nucleus of IC 2560,
which hosts H2O maser emission from an inclined Keplerian accretion disk. The
X-ray spectrum shows soft excess due to multi-temperature ionized plasma, a
hard continuum and strong emission features, from Mg, Si, S, Ca, Fe and Ni,
mainly due to fluorescence. It is consistent with reflection of the continuum
from a mostly neutral medium and obscuration due to a high column density,
> 1024 cm−2. The amplitude of the reflected component may exceed 10% of the
central unobscured luminosity. This is higher than the reflected fraction, of a
few percent, observed in other Seyfert 2 sources like NGC 4945. We observe an
emission line at 6.7 keV, possibly due to FeXXV, undetected in previous Chandra
observations. The absorption column density associated with this line is less than
1023 cm−2, lower than the obscuration of the central source. We hypothesize that
this highly ionized Fe line emission originates in warm gas, also responsible for
a scattered component of continuum emission that may dominate the spectrum
between 1 and 3 keV. We compare X-ray and maser emission characteristics of
IC 2560 and other AGN that exhibit water maser emission originating in disk
structures around central engines. The temperature for the region of the disk
associated with maser action is consistent with the expected 400-1000K range.
The clumpiness of disk structures (inferred from the maser distribution) may
depend on the unobscured luminosities of the central engines.
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1. INTRODUCTION
IC2560 is a nearby spiral (cz ∼ 2925 km s−1) that is classified as a Seyfert 2 (Fairall
1986) and known to host 22GHz H2O maser emission originating in an accretion disk around
the central engine (Ishihara et al. 2001). Here we present analysis of a deep (archival) XMM-
Newton EPIC observation of this active galactic nucleus (AGN). Previous observations of
IC 2560 in the X-ray band using ASCA GIS (Ishihara et al. 2001) and Chandra ACIS-S
(Iwasawa et al. 2002; Madejski et al. 2006) both pointed to a reflection dominated spectrum
and high obscuring column density.
IC 2560 is a relatively weak X-ray source, with an observed 2-10 keV flux of 3.3×10−13
erg s−1 cm−2 that originates predominantly from a central source (Madejski et al. 2006).
Interpretation of early GIS and ACIS-S observations was constrained by relatively limited
sensitivity and energy resolution, in particular above 6 keV, where the bulk of the emission
due to nuclear activity escapes into our line of sight. The EPIC instrument provides ∼5×
larger collecting area at 6 keV and ∼20% finer energy resolution (160 eV) than ACIS-S (chip
3). Although dominated by the central point source, flux detected with EPIC (1.1 kpc pixel−1
at 1 keV) will include contribution from extended and off-nuclear emission components. As
such, we note that the nuclear structure in IC 2560 appears to be relatively complex, as may
be anticipated for a type-2 object. Hubble Space Telescope ACS/HRC observations at 3300 A˚
detect patchy emission with multiple peaks within the central ∼ 200 pc (Mun˜oz Mar´ın et al.
2007), presumably due to dust. Relatedly, population synthesis models fit to optical spectra,
obtained with the ESO 1.5m (3470-5450 A˚) for the central ∼ 300 pc, are suggestive of
active star formation during the last 1.5-10 Myr (Cid-Fernandes et al. 2004). Ground-based
spectroscopic study has also detected asymmetry in the [OIII] line profile (a blue excess)
that may be indicative of outflow at ∼ 100 km s−1 projected on the sky plane in a 300×400
pc central patch (Schulz & Henkel 2003). Because the inclination of the galaxy is 63◦, and
the inclination of the central engine (as inferred from maser emission) may be even closer to
edge-on, the actual flow speed may be larger.
The observed H2O maser spectrum exhibits emission close to the systemic velocity as
well as blue and red-shifted complexes, offset, approximately symmetrically, by ± 200 -
420 km s−1 (Braatz et al. 2003). This pattern is an indicator of emission from a rotating
edge-on disk structure (e.g., NGC 4258; Nakai et al. (1993)). Ishihara et al. (2001) reported
line-of-sight accelerations for the “systemic emission” and mapped its emission distribution
– 3 –
using Very Long Baseline Interferometry (VLBI). Based on the assumption that the emis-
sion traced a thin, rotating, circular disk that is observed edge-on, they used the velocities
of high-velocity emission to estimate disk radius and dynamical mass. Follow-up VLBI ob-
servation by Greenhill et al.(2008, in preparation) enabled mapping of both systemic and
high-velocity emission, thus tracing the disk structure, demonstrating Keplerian rotation of
material around the central engine in a relatively thin distribution, and enabling more certain
modeling of the accretion disk geometry and estimation of the central mass. The observed
molecular gas lies at radii 0.08 - 0.27 pc and the inferred enclosed mass is 2.9×106M⊙ with
∼ 20% accuracy. The thinness of disk (h/r ≪1) as well as presence of H2O emission suggest
disk material that is relatively cool (.103 K).
Due to generally high extinction toward Seyfert-2 central engines, X-ray and radio ob-
servations together are especially useful in the study of the physical processes that occur at
radii .1 pc. Measurement of X-ray spectra enable estimation of intrinsic luminosity, obscur-
ing column density, temperature and abundance. Time monitoring facilitates estimation of
size scales for high-energy phenomenon. VLBI observations of H2O maser emission enable
mapping of accretion disk geometry and orientation to the line of sight, and estimation of or-
bital radii for molecular material, central engine mass and Eddington luminosity (Greenhill
(2007) and references therein). The presence of maser emission implies the existence of a
reservoir of relatively cool material and at the same time, a heating mechanism to maintain
population inversion. The necessary energy may be imparted by viscous heating within the
disk (e.g., (Desch et al. 1998)) or external irradiation (Neufeld et al. 1994; Watson & Wallin
1994). However, in either case, survival of molecular gas demands a shielding column from
UV and X-ray emission generated by, e.g., the central engine and coronae. This column
may arise in outflowing material, disk surface layers, or disk material at small radii, thus
providing additional quantitative constraints on overall structure around the central engine
and energetics. In section 2, we discuss the data reduction of the EPIC data, while section
3 focuses on analysis of the source spectrum. Estimation of the intrinsic emission of the
central engine (i.e., corrected for absorption along line of sight) is discussed in section 4.
X-ray properties of IC 2560 and other extragalactic H2O maser sources believed to originate
in accretion disks are considered in section 5; there we put IC 2560 into context and we
discuss possible trends that may indicate connection between characteristics estimated from
VLBI observations of masers and X-ray observations of their host AGN. Throughout the
paper we adopt H0=70 km s
−1 Mpc−1.
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2. DATA REDUCTION AND ANALYSIS
IC 2560 was observed using the XMM-Newton EPIC instrument on 2003 December
2. Data reduction was carried out using SAS version 7.0.0. PN and MOS datasets were
processed through the standard pipeline, using updated CCF files and SAS tasks epchain
and emchain, respectively. Light curves extracted from the data do not indicate any of the
cameras observed flares and hence no time intervals required filtering. The final exposure
time was 72.2 ks for the PN camera, 80.5 ks for MOS1 and 80.6 ks for MOS2.
We extracted the source spectrum from a circular patch, 15′′ (2.95 kpc) in radius,
centered on the source coordinates in the binned image (binsize 80). Tests using the SAS task
epatplot for PN data show good agreement between the expected and observed distribution
of counts for the single, double, triple and quadruple event patterns. The source spectrum
is thus unaffected by pileup. We used a nearby source-free circular region of radius 40′′ to
extract the background spectrum, selected so that the source and background are equidistant
from the readout node. After normalizing for area, the PN spectrum had a 3.1% contribution
from the background, while the MOS1 and MOS2 spectra show a lower contribution from
the background, approximately 2%. The source and background spectra were binned so that
each bin contained at least 20 counts. Models were fitted to the spectrum between energies
0.3-13 keV.
The host galaxy has a semi-major axis of approximately 90′′ (de Vacouluers et al. 1991).
We used archival Chandra data to quantify the contamination of the XMM spectrum, due
to large-scale emission from the host galaxy. The Chandra image (from the 2005 observa-
tion discussed by Madejski et al. (2006), Figure 1) shows X-ray emission from two discrete
sources, approximately 9.5′′ and 6.1′′ from the brightest pixel (within 0.8′′ of the optical cen-
ter, the offset is comparable to the positional accuracy of Chandra at 99% limit and slightly
higher than the 90% limit of 0.6′′). The discrete emission appears to be dominated by soft
and medium energy X-rays (≤ 2.5 keV). Diffuse emission in the plane of the galaxy is also
visible. A circular region of radius 15′′ (size of the extraction region for the PN and MOS
spectra), centered on the source yields 2201 counts, and 601 counts excluding the central
4′′ for energies between 0.3 keV and 10 keV. The Chandra background as measured from a
15′′ circle, placed approximately 90′′ from the center (comparable to the host galaxy semi-
major axis) contains 435 counts. Thus, after background subtraction, we find the large scale
emission from the host galaxy contributes approximately 9% to the source spectrum in the
XMM observation.
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3. SPECTRAL FITTING
All spectral fitting was carried out using XSPEC version 11.3 (Arnaud 1996). The
spectrum shows all the key features observed in the Chandra spectrum (Madejski et al.
2006) i.e. a hard continuum above 3 keV with a strong Fe Kα fluorescence line at 6.4
keV, both indicative of a reflection origin in material far from the black hole. Below 2 keV
there is additional soft emission, with multiple lines superimposed, that may be due to a
complex mix of photoionized and/or collisionally ionized plasma. We use the best-fit model of
Madejski et al. (2006) as a first approximation, consisting of two MeKaL collisionally ionized
plasmas to describe the soft X-ray emission, a reflected component of the (hidden) intrinsic
power-law emission modeled by PEXRAV (Magdziarz & Zdziarski 1995) at higher energies,
with a fixed inclination angle of 60◦, together with the associated neutral fluorescence lines
from Fe, Si and S Kα with rest frame energies of 6.4, 1.75 keV and 2.3 keV respectively
(Bearden 1967). We refer to this as Chandra-1, and use this as a starting point to fit the
PN+MOS EPIC data from XMM-Newton (Table 1). Fitting this to the data gives a good
description to the overall spectral shape, but the better signal-to-noise XMM-Newton data
show significant line-like residuals (Figure 2). The strongest of these are at ∼ 7 and 1.2 keV,
corresponding to neutral Fe Kβ and Mg Kα, respectively, but there are also significant
detections of neutral Kα emission from Ni and (marginally) Ca at 7.4 and 3.6 keV, as well
as ionized Kα emission from He-like Fe at 6.7 keV.
We also tested for the presence of other lines. Neutral Kα fluorescence lines from Ar
(2.95 keV), O (0.55 keV) and Ne (0.84 keV) could also be present from the reflector. These
are not significantly detected, but the upper limits to the equivalent widths are consistent
with expectations from solar abundances Matt et al. (1997b). Similarly the data only give
upper limits to the emission from other ionized lines which might be expected to accompany
the He-like Fe at 6.7 keV such as H-like Fe Kα (6.955), He-like Ni Kα(7.8 keV) blended
with He-like Fe Kβ(7.88 keV) and H-like Ni Kα(8.09 keV). However, there is clear evidence
for further ionized line emission at low energies, which is well matched by including a third
plasma component. While this model (XMM-1, 3 MeKaL, 8 Gaussian lines and a PEXRAV
continuum, Table 1) matches the data fairly well (χ2/d.o.f=358.7/312), it is physically in-
consistent. The He–like Fe line at 6.7 keV is either from a photoionized plasma, in which case
it should be accompanied by a scattered power-law continuum, or from collisionally ionized
plasma, in which case it should be produced by an additional MeKaL component. However,
the required temperature of this 4th hot plasma emission is 4.4+2.9−1.8 keV (XMM-2, χ
2/d.o.f.=
322.0/311, Table 1), which seems high for starburst emission. It could indicate a violent
interaction between the interstellar medium and an outflow (Veilleux & Bland-Hawthorn
1997), however, the detected outflow velocity (Schulz & Henkel 2003) of 100 km s−1 is fairly
low. Instead we favor the scattered power-law for a photoionized origin of the 6.7 keV line,
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and note the resulting (marginally) better χ2/d.o.f = 317.4/311. This gives our best-fit
model XMM-bf (Figure 3), to the XMM PN+MOS data, as described in Table 1.
3.1. Line Emission
The lines that contribute significantly to the spectrum and their equivalent widths are
summarized in Table 2. The equivalent widths for mostly neutral species are computed with
respect to the reflected power-law component. The spectrum has not evolved substantially
since the Chandra observations reported by Iwasawa et al. (2002) and Madejski et al. (2006).
Specifically, we do not detect any statistically significant variability in the continuum flux
in the 2-10 keV range or in the equivalent widths of the three emission lines detected in
the Chandra dataset (Table 3), though S/N is limited. The best-fit value for the 6.4 Fe K
α line in the XMM dataset for model Chandra-1 is close to the lower limit for the same
in the Chandra dataset. We attribute this to blending of 6.4 and 6.7 keV emission lines
in the Chandra observation. The Fe Kα line in the XMM spectrum is marginally resolved
and favors an intrinsic width of ∼20 eV and <50 eV, similar to the Chandra data, and
could originate in material at a few thousand km s−1, typical of the BLR/inner torus. The
emission features at 1.25 keV, 3.6 keV, 6.7 keV, 7.05 keV and 7.47 keV as well as the scattered
continuum component are absent from the Chandra model, but these were not required to
obtain a reasonable fit to the earlier spectrum.
We inspected the spectrum for the presence of a 6.33 keV Compton down-scattered
shoulder to the 6.4 keV line. To constrain this, we focus on the data above 5 keV, including
only the lines within this energy range, together with the PEXRAV and scattered power
law as continuum components with photon index fixed (but not norms) to the best-fit value
given in Table 1. We included a model (Madejski et al. 2006) to describe the shape of the
Compton down-scattered shoulder (Illarionov et al. 1979) and fit this to the data but obtain
only an upper limit of about 10 per cent of the narrow Kα 6.4 keV line. This is at the low end
of what is expected from reflection, indicating a face on view of the reflector (Matt (2002)
assuming the geometry described by Ghisellini et al. (1994)) and is in contradiction with the
edge-on view of the disk inferred from maser emission. The face on view is also inconsistent
with the expected orientation for a Seyfert 2 source under the unification paradigm.
A similarly low Compton shoulder was observed for another Seyfert 2 source, Mrk 3, by
Pounds & Page (2005). However, they point out that this may be due to an error in the
registered energy of split-pixel photons, which can be overestimated by up to 20 eV. Following
their procedure and selecting only single-pixel events, we fit a Compton shoulder of 1.9+12.5−1.9 %
for a simultaneous fit to the PN and MOS data. A slightly higher limit was measured at
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8.7+16.2−8.9 % for PN data alone, though this is probably due to decreased signal-to-noise.
The fitted Compton shoulder height should be viewed with some caution. Detection of
the shoulder is close to the limit of what is possible with available data. The inferred intrinsic
width for the Fe Kα line is comparable to the shift in split pixel registration discussed above.
The line width may also affect the detection of the Compton shoulder, due to limitations
in modeling. Hence we adopt an upper limit of 25% on the Compton shoulder but stress
that the data at face value are inconsistent with a reflection (or transmission) origin. On
the other hand, recent work by Awaki et al. (2007) shows 10% upper limit for Mrk 3 from
higher resolution Suzaku data, consistent with the XMM data at face value. IC 2560 may
have a similarly low Compton shoulder, due to a clumpy torus structure as suggested by
Awaki et al. (2007). However in that scenario, it will be very difficult to produce the observed
amplitude of the reflected component.
3.2. The Soft X-ray emission
The soft X-ray emission dominant below 2 keV is almost certainly due to hot gas. For
modeling purposes, we have used three MeKaL components to obtain a good description of
this emission. This gives plasma temperatures of 0.1 keV, 0.32 keV and 0.66 keV. Replacing
the three components with a single model where the plasma shows a power-law gradient with
index 0.001 (best-fit value) in temperature does not give a satisfactory description of the low
energy emission (χ2/d.o.f = 616.8/315). However, some or even all of the observed emission
below 2 keV could also be due to the photoionized scattering medium. Non-nuclear sources
in the host galaxy could also have significant contribution to the observed spectrum below 2
keV. We note that the spectral analysis of Chandra data by Madejski et al. (2006) indicated
that a collisionally ionized plasma was required even in presence of photoionized gas, in
order attain a realistic description of the spectrum. However, the analysis neglected the
scattered power-law continuum that must accompany any such photoionized emission, and
the complexities of radiative transfer in the 6.7 keV line which can substantially change the
strength of the line feature (Bianchi & Matt 2002). A pure photoionized origin is suggested
by the detection of radiative recombination lines associated with OVII at 0.69 keV in RGS
data for this source (Guainazzi & Bianchi 2007), though the signal-to-noise in these data is
very limited. The dominance of photoionization in similar Compton thick sources such as
NGC 1068 (Kinkhabwala et al. 2002) and Circinus (Massaro et al. 2006) implies it may be
an important mechanism in IC 2560 as well. However, given the high density of line emission
and low spectral resolution at these low energies, it is difficult to disentangle collisional and
photoionization components and measure their relative contributions to the total emission.
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4. ESTIMATE OF UNABSORBED EMISSION
The obscuration column density for IC 2560 is very high, ≥ 1024 cm−2, as inferred
by Iwasawa et al. (2002) and Madejski et al. (2006). This source has not been detected at
higher energies (above 10 keV) by the RXTE Slew Survey (Revnivtsev et al. 2004) or by
SWIFT/BAT (Markwardt et al. 2005). If we extrapolate the best-fit spectrum to 200 keV,
we find that the total flux from the continuum components in our model would contribute
7.8×10−13 erg cm−2 s−1 in the energy range 3-20 keV relevant to the RXTE Slew survey
and 2.8×10−12 erg cm−2 s−1 in the energy range 14-195 keV corresponding to SWIFT/BAT.
These values are not far below the detection limit of 10−11 erg cm−2 s−1 for both surveys,
strongly limiting the amount of direct continuum in these bands from the central engine.
The [OIII] luminosity (L[OIII]) can be used to gauge the (unabsorbed) intrinsic 2-10 keV
luminosity (LI2−10) of an AGN (Panessa et al. 2006). Gu et al. (2006) use stellar population
synthesis modeling to estimate and subtract the stellar component from observed spectra, to
predict a nuclear [OIII] flux of 1.25±0.05×10−13 erg cm−2 s−1, after a reddening correction
of <1% determined from Hγ and Hβ line ratios. We refit the data from Panessa et al.
(2006), excluding the points with only upper limits, and scaled the parameter uncertainties
by
√
(χ2/d.o.f) to obtain Log10 L
I
2−10 = (1.16±0.04)(Log10 LOIII-40.22)+(41.57±0.05). This
gives us an approximate LI2−10 = 6.17
+0.90
−0.80×10
41erg s−1.
In the following discussion, intrinsic emission refers to the flux or luminosity (LI2−10)
of the central engine that would be visible if there were no obscuration, direct component
corresponds to intrinsic emission visible after it passes through the obscuring column suffering
a reduction in low energy flux. We can also obtain an order of magnitude estimate for the
intrinsic luminosity from the IR luminosity of the source. Iwasawa et al. (2002) estimate the
LIR from the IRAS to be 3×10
43 erg s−1. Assuming a power-law of photon index 1.8 from
the disc at 10eV to 100keV and that all the observed IR emission is due to reprocessing
of the X-ray emission, this gives intrinsic luminosity L2−10=6×10
42 erg s−1. Stellar heating
may have a significant contribution to the observed IR flux. The LI2−10 from IR and OIII
measurements are within an order of magnitude which is acceptable in light of uncertainties
in both estimates.
The estimated LI2−10 is consistent with an unabsorbed power-law with photon index
1.75 (best-fit value in XMM-bf) and normalization of 1.3×10−3. From this we estimate the
reflected solid angle (Ω/2pi) from neutral material ∼ 0.75 assuming the material is viewed at
60◦ inclination, and the scattered fraction from the photoionized material to be ∼ 0.006. We
use this intrinsic power law to estimate the obscuring column density. For densities > 1024
cm−2, Matt et al. (1999a) show that electron absorption due to Compton scattering can be
significant and photoelectric absorption alone is not sufficient. For a covering fraction ≪1,
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electron scattering out of the line-of-sight is the only contributing process, and absorption
can be sufficiently modeled by a combination of XSPEC models “wabs” and “cabs”. The
unabsorbed power-law parameters were frozen to the values described above while the column
density was varied and χ2 compared with the best-fit value. We found that at column
densities less than 3×1024 cm−2, the ∆χ2 due to the presence of the direct component is
>2.78, so it contributes noticeably to the observed XMM spectrum. Thus the column must
be > 3×1024 cm−2. This is so modified by electron scattering that it makes little difference
to the extrapolated SWIFT bandpass, so that the total continuum flux (direct + reflected +
scattered components; Figure 4) in the 14-195 keV regime is 3×10−12 erg cm−2 s−1. However,
the reflector has a large solid angle as inferred from the PEXRAV modeling. In this scenario,
electron scattering into the line-of-sight might partially compensate for scattering out of the
line-of-sight and the required absorption column density could be higher. For a covering
fraction of 1, the direct component may be modeled using PLCABS, developed by (Yaqoob
1997). For a column density of order 1024 cm−2, the inferred flux for this model, in the
14-195 keV regime is fairly similar. The difference, and contribution of electron scattering
to absorption, becomes more significant for higher column densities (Figure 5). Substituting
PLCABS to model the direct component with an absorbing column of 3×1024 cm−2, gives
a somewhat higher flux of 4×10−12 erg cm−2 s−1 in the 14-195 keV regime. The flux values
from both models are significantly lower than the SWIFT/BAT sensitivity, consistent with
the non-detection of IC 2560.
5. CONSTRAINING THE SOURCE GEOMETRY
5.1. Warm Scatterer
The detection of line emission at 6.7 keV due to He-like Fe (FeXXV) indicates presence of
a warm, partly-ionized medium. The 6.7 keV feature is intrinsically a composite of 4 emission
lines, unresolved in the XMM data: a forbidden line at 6.65 keV, two intercombination lines
at 6.67 keV and 6.68 keV and a resonant line at 6.7 keV (Matt et al. 1996). EPIC does not
have sufficient energy resolution to differentiate between these energies. Nevertheless, when
allowed to vary, the rest frame energy of the line in the spectral model converged to 6.7+0.3−0.2
keV. This may indicate that the resonance feature marginally dominates the total emission
of the complex and implies densities less than 1023 cm−2, in accordance with Matt et al.
(1996), much less than that for the central source. We conclude the scatterer and central
source are well enough separated that we have a relatively clear line-of-sight to the former.
We associate this warm gas with the scattered power-law component that dominates the
model continuum around 2 keV. In the energy range 2-10 keV, this component contributes
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6.7+1.2−1.1×10
39 erg s−1 or ∼1% of the the intrinsic emission incident on the scattering medium.
We can estimate a lower limit to the column density of the scattering medium from the
fraction of scattered flux,
Lscattered
LIntrinsic
=
Ω
4pi
NHσT (1)
where Ω/4pi is the covering fraction, NH is the column density and σT is the Thomson cross-
section. We find, (Ω/4pi) NH=1.5×10
22 cm−2 for the scattering medium. For a covering
fraction < 1, this is a lower limit for the scattering medium.
We can apply the analysis of Bianchi & Matt (2002) to obtain some order of magnitude
estimates of the ionization parameter and distance of the warm scatterer from the central
source. The ionization parameter is defined to be
Ux =
∫ 10keV
2keV
Lν
hν
dν
4pincr2
(2)
where L is the ionizing luminosity, n the particle density and r the distance of the scattering
cloud from the source. The equivalent width of the 6.7 keV line, 2.01+1.07−1.07 keV measured
with respect to the scattered continuum is significantly higher than expected for the above
range in estimated column density (Bianchi & Matt 2002), unless we take into account
turbulent motion of the warm gas (Bianchi et al. 2005a). The turbulent motion of the scat-
tering material will result in line broadening, giving rise to larger observed equivalent width.
Nonetheless, as can be seen from Fig. 4 in Bianchi & Matt (2002), the equivalent width
is underestimated for all densities, hence adopting the ionization parameter corresponding
the the peak in equivalent width for each column density, we estimate Ux ∼0.32. Though
we do not detect the FeXXVI line at 6.955 keV, we obtain an upper limit of 196 eV from
the current data. This yields a lower limit on Ux of 0.2. For a photon index of 1.75, Equa-
tion 2 reduces to Ux = 0.23(L2−10/(nr
2)). We can express the particle density in terms
of the column density of the scatterer and the cloud size R, nr2 ∼ r2(NH/R) from which
we obtain L2−10/Ux = r
2(NH/(0.23R)). If we assume the cloud size is comparable to its
distance from the center, for a covering fraction of 1, r is on the order of 10pc. For a smaller
covering fraction, the column density of the scattering cloud will be higher and distance of
the scatterer to the central engine will be smaller. Nonetheless, our characterization of the
warm scattering medium is subject to some important caveats. The ionization parameter
is particularly uncertain. Specifically, we have assumed the relationship between equivalent
width and ionization parameter will be relatively unchanged despite the introduction of a
turbulent velocity, and rely on a scaling factor to account for the higher observed equivalent
width.
We note that the observed X-ray spectrum of IC 2560 does not show any intermediate
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ionization lines, i.e. between the mostly neutral Kα lines due to cold Mg, Si, S, Ca, Fe
and Ni, and the highly ionized He-like Fe at significantly higher temperatures. Emission
lines from diverse ionization states of these and other elements have been detected in other
Seyfert 2 sources such as Circinus (Massaro et al. 2006) and NGC 1068(Pounds & Vaughn
2006). It is likely that we lack the sensitivity to detect these lines. It is also possible that any
intermediate ionization lines are blended with the detected Kα lines. This would provide
a natural explanation for the relatively high observed equivalent widths. Source geometry
might provide a third scenario where the transition region between the warm scatterer and
cold reflector is either obscured from our line-of-sight or the scattering and reflecting media
are (spatially) well-separated. An optically thick, mostly neutral medium is responsible for
the reflection of intrinsic emission, observed above 3 keV while an optically thin, mostly
ionized medium, with significantly lower column density scatters intrinsic emission along our
line-of-sight. An obscured transition region between the two media, with no detected contri-
bution to the observed spectrum would require a very special line-of-sight. Alternately, the
scattering medium may reside above the accretion disk, as would a corona or an outflowing
wind.
5.2. Reflecting medium and Covering fraction
The presence of Kα emission from mostly neutral species in the reflected emission in-
dicates a low degree of ionization of the reflecting medium. We hypothesize that the cold
reflecting medium and the obscuring material along our line-of-sight are one and the same.
In that case, the cold reflecting medium has a very high column density and is optically
thick. The fluorescence lines detected in the XMM spectrum probably originate in the re-
flecting medium and aid in better understanding its composition and geometry. The Fe Kα
line width is consistent with supersolar abundance (Ballantyne et al. 2002) as is the upper
limit for the Compton shoulder (Matt 2002). The observed line widths for the remaining
fluorescent lines are also much higher than predicted by Matt et al. (1997a) for a 60o and
90o inclination angles, in most cases, by a factor of 2 or more. This may imply a metal-rich
environment and/or a different geometry than that discussed by Matt et al. (1997a). The
calculations in Matt et al. (1997a) are most relevant for high angles of incidence and a plane
parallel slab illuminated by an external source. A different geometry of source illumination
may affect the observed equivalent widths and may explain the high values obtained for lines
observed in IC 2560. We cannot rule out chemical enrichment as an alternative. The observed
equivalent widths are consistent with 2×Z⊙. However, supersolar abundances of lower met-
als would result in partial absorption of the higher energy Fe Kα photons (George & Fabian
1991). This implies that the Fe abundance could be ∼3-4×Z⊙. Enhancement of low energy
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Kα line widths due to blending with L-shell Fe lines is also likely. In this case, it is possible
that the lower elements have solar metallicities and Fe abundance is ∼2×Z⊙.
The 25 % upper limit on the Compton shoulder obtained from the composite PN and
MOS data is consistent with a range of inclination angles, from 30o to 90o (Matt 2002).
We propose three different geometries for the reflector based on current data, where the
reflector could be a warped thin disk, a thick clumpy disk or a flared disk inside a clumpy
torus (Figure 6). The distribution of maser emission is consistent with an edge-on view of
a thin Keplerian disk with little or no warp (Iwasawa et al. 2002). If the maser emission
originates in a relatively flat part of the disk, or our line-of-sight is such that we do not
observe the warp, for e.g. orthogonal to a line of nodes, the warped disk scenario may be
viable. However, it would be difficult to produce the relatively large (13%) fraction of the
intrinsic emission observed in reflection, from a warped disk. Also the covering fraction for
the obscuring medium inferred from modeling (0.75, refer section 4) would imply an extreme
warp. Given the special constraints required to reconcile observations, a warped disk seems
unlikely. A thick clumpy disk, with a filling factor high enough to obscure the central engine
may be a feasible alternative. Nenkova et al. (2002) show a clumpy torus structure can
produce the necessary obscuration to shield a Seyfert 1 nucleus and produce a Compton
thick source. In this case the masers would trace the equatorial plane of the disk toward the
inner radius, where pump energy from the central engine can penetrate the clumpy disk as
shown by Kartje, Ko¨nigl & Elitzur (1999) in the particular case of NGC 1068. The width
of the Fe-line would be dictated by virial rotation. The observed 30 eV intrinsic width is
consistent with the estimated central engine dynamical mass of 2.9×106 M⊙ and a radius of
∼ 0.04 pc, assuming Keplerian rotation. Radiative forces may drive a third scenario with
a thin inner disk and inflated outer disk (Chang et al. 2007; Krolik 2007) which can also
produce the observed reflection fraction, equivalent widths and the intrinsic Fe Kα width.
The later would be determined by the somewhat slower rotation of the torus and associated
turbulent motions in the thickened disk, due to radiative heating, which can be comparable
to gravitational forces at these radii.
5.3. Comparison with other H2O disk maser host galaxies
We compare IC 2560 to the existing (though small in number) sample of known maser
hosts with similar sub-parsec scale edge-on disk structure. The selection criteria were: (1)
maser emission originating in a disk as determined from VLBI studies or inferred from maser
spectra featuring red and blueshifted, high velocity Doppler components (so that the mass
of the black hole can be estimated); (2) high inferred obscuring column density, in excess
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of 1024 cm−2. We also include NGC 4258 as this is the archetypal maser host galaxy even
though it has column of < 1023 cm−2 in contrast to the Compton thick objects in our sample.
Table 4 gives observed details of the eight sources in the sample. IC 2560 is typical of
these in many respects such as equivalent width of the Fe K line (NGC 3079 and Circinus),
reflected fraction (Mrk 3, Circinus) and Compton shoulder (NGC 1068, Mrk 3 and Circi-
nus). All this suggests a similar geometry for the reflecting and absorbing material in these
sources (edge-on geometry where the obscuring/reflecting material is along line of sight;
Matt (2002)). For a zeroth order analysis where we assume thermodynamic equilibrium for
these sources, the temperature should be 4piR2σT 4 ∼ Lbol (both sides also depend in the
same way on the covering factor of the material, Ω/4pi, as this controls both the emission area
and the fraction of illumination intercepted). Thus T 4 ∝ Lbol/R
2 ∝ L2−10/R
2 for a constant
bolometric correction, which allows us to crudely estimate the temperature for the region of
the disk where the maser action occurs. For the observed LI2−10keV /LEdd taken from Table
5, we assume a bolometric correction factor of 20, consistent with the range 15-25 suggested
by Vasudevan & Fabian (2007).
The significance of this relation to the data is limited by the large uncertainties in radius
and luminosity. Disk geometry (e.g., warping, inclination to the line of sight) and maser
beaming can substantively affect the inferred inner radius. We assume an uncertainty of 20%
in the radius due to these factors and use it in weighting the rms scatter. The luminosity
estimates depend on complicated model fitting to spectra, which can be particularly difficult
for the high obscuration seen in these maser hosts. We cannot quantify the uncertainty in
luminosity and instead note that the following analysis should be treated with due caution.
A limited fit to the data in log-log space can be obtained by including uncertainties in
radius alone and yields a curve with best-fit temperature ∼600 K. Figure 7 shows R plotted
against Lbol, together with the predicted relation for constant temperatures of 300 K, 400 K,
500 K, 600 K, 700 K, 800 K, 900 K and 1000 K. The observed inner radii of maser emission
may be consistent with temperatures in the range 500-700 K, this is in agreement with
the predicted temperature range of 400-1000 K for maser disks (Elitzur 1992). In physical
disks, inefficiency of radiative heating is likely balanced by viscous heating and radiative
dissipation, which have not been included in this simplistic analysis (Desch et al. 1998). The
temperatures may be even higher for the more luminous sources where the Eddington ratio
may be more consistent with a higher bolometric correction of 40-70 (Vasudevan & Fabian
2007). Conversely, if the estimated unabsorbed luminosities for the sources in this sample
are systematically lower, they will imply smaller disk temperatures. Better understanding
of luminosity estimates in this sample and the associated uncertainties are necessary for a
more detailed analysis.
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Warps are a marked feature of some of the accretion disks traced by water masers, and
the degree of warp may also show some correlation with X-ray luminosity. We divide the
sources into two groups, A and B, depending on the distribution of maser emission in the
disk. Group A includes IC 2560, Circinus and NGC 3393 all of which show maser emission
along a thin disk in the equatorial plane and Keplerian rotation curves, similar to NGC
4258. Group B consists of NGC 1068, NGC 4945, NGC 3079 and NGC 1386 all of which
show maser emission from a geometrically thick structure with flattened rotation curves.
We note that the largest warp in Group A appears in the highest X-ray luminosity galaxy,
Circinus (Greenhill et al. 2003). IC 2560 and NGC 3393 show X-ray luminosities lower by at
least a factor of 2 while we infer that the warps are smaller by factors of . 3, from maps of
maser distributions in these two sources (Greenhill et al., 2008, in prep). NGC 4258 exhibits
variation in Euler angles that is several times smaller than Circinus for a X-ray luminosity
lower by an order of magnitude (Table 5). These observations may be consistent with models
in which radiative torques driven by disk irradiation are responsible for warps (Pringle 1996;
Maloney et al. 1996). On the other hand, the absence of strong warps among AGN in Group
B is difficult to understand, we speculate that presence of clumpy disk structure in Group
B and the associated large variations in optical to infrared re-radiation may reduce torques
that drive the orbits of disk material out of the plane and warp the disk.
We characterize the degree of substructure within the disk using the Toomre Q-parameter
(Toomre 1964). It is also known as a disk stability criterion and can be used as an indicator
of possibility of fragmentation due to self-gravity. For Q≫1, the impact of self-gravity is
small and implies stability of a smooth distribution of disk material. For Q<1, the reverse is
true, and the disk material may be anticipated to clump despite orbital motion in a central
potential. Assuming uniform gas disks with observed central mass, at a given distance R, Q
is defined as
Q =
Ωvc
piGΣ
(3)
where Ω is the angular velocity, vc is velocity dispersion and Σ is the surface mass density. We
approximate the dispersion using the mean velocity width spanned by maser clumps along
the rotation curves traced in position velocity diagrams. For a disk in pressure equilibrium,
the surface density is <n>mH2 vc/vrot R, where vrot is orbital velocity at the radius R,
<n> is the number density of the disk gas and mH2 is molecular mass. There is significant
uncertainty (up to an order of magnitude) associated with the Q parameter discussed here,
mainly due to the range of densities that can support maser action (108-1010 cm−3); we adopt
109 cm−3. We find that at the inner radius of maser emission, disks in Group A have a Q>1
(Table 5). A similar calculation of the Q-parameter is not appropriate for disks in Group
B where maser observations provide significant evidence of self-gravity in the disk (for e.g.,
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NGC 3079: Kondratko et al. (2005), NGC 1068: Lodato & Bertin (2003)).
If the assumptions we make in computing the Q parameter are broadly valid, the range
spanned by Q-parameters for these sources may point to a unified picture of accretion disk
structure in maser hosts. Assuming hydrostatic equilibrium, Milosavljevic´ & Loeb (2004)
suggest a characteristic distance scale of 0.42pc for a central mass of the order of 107 M⊙
beyond which the disk may be marginally unstable and likely to form clumpy structures due
to self-gravity. In the unified picture, the overall disk structure in all these sources could
be the same, with the maser emission in Group A sources tracing the inner, gravitationally
stable parts of accretion disks and gravitationally unstable outer parts in Group B (Table
5, Figure 7). We focus on the inner radii of the maser disks, which we may anticipate to be
linked to intrinsic luminosities via the temperature of dust sublimation,∼103K (Neufeld et al.
(1994); the outer radii of the maser disks, may be determined by the contribution of other
factors such as density profiles, shielding and re-emission from surrounding gas). The lower
luminosity of sources in Group A allows survival of molecules (and maser action) at smaller
radii, where the disk structure is well-ordered. Among higher luminosity sources in Group B,
molecular emission arises farther from the black hole, which is also where the disk structure
is likely to be clumpy. X-ray observations of other Compton thick maser hosts, where VLBI
data points to a disk origin will help expand the sample size and test the preliminary trend
reported here.
6. SUMMARY
A deep 70 ks XMM-Newton spectrum for IC 2560 shows evidence for a warm scattered
continuum component as well as number of emission lines not detected in earlier Chandra
observations. These include Kα emission from Mg (1.25 keV), Ca (3.6 keV) and Ni (7.47
keV) as well as Fe Kβ (7.05 keV) and Kα line emission from Fe XXV (6.7 keV). We do
not detect line emission from species at intermediate ionization states, between the nearly
neutral material that gives rise to the Kα emission, and the warm scattering medium with
FeXXV. The direct X-ray emission from the central source appears to be completely obscured
up to 10 keV; the inferred column density is in excess of a few times 1024 cm−2. This is in
agreement with a 25% upper limit on the magnitude of the Compton shoulder. The reflecting
medium is mostly neutral, optically thick and could also provide the obscuring column toward
the central engine. The 6.7 keV line is associated with the optically thin, mostly ionized,
scattering medium, with significantly lower density. The dominance of the resonance line at
6.7 keV indicates the density has to be lower than 1023 cm−2, while the estimated fraction
of intrinsic emission scattered along line-of-sight indicates a lower limit of 1022 cm−2. The
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scattering medium can plausibly exist on the scale of a few parsec, but the exact geometry
is unknown. Limits on density of the scatterer indicate a covering fraction between 0.1
and 1. Using a small sample of H2O disk maser hosts, selected using physically motivated
criteria, we find that the unobscured luminosity of the central source may shape molecular
disk structure in this sample. The inner radius as well as degree of substructure in the disk
may be related to the unobscured X-ray emission, though a larger sample is required to
confirm this trend.
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Table 1. Characteristics of XMM EPIC PN+MOS spectrum
Model name Model NH
(a) kT[1] kT[2] kT[3] kT[4] Γ Eq. W.(b) χ2/dof
(1020cm−2) (keV) (keV) (keV) (keV) (keV)
Chandra-1 ab(pexrav+2mekal+3gauss)(c) 1.8+0.3
−0.2 0.63
+0.01
−0.02 0.08
+0.01
−0.00
(d) ... ... 2.18+0.01
−0.13 2.40
+0.17
−0.17 493.2/317
XMM-1 ab(pexrav+3mekal+8gauss)(e) 1.6+0.2
−0.2 0.77
+0.05
−0.05 0.08
+0.01
−0.00
(d) 0.32+0.03
−0.03 ... 2.29
+0.13
−0.13 2.70
+0.18
−0.18 358.7/312
XMM-2 ab(pexrav+4mekal+8gauss)(f) 14.7+0.2
−0.2 0.71
+0.06
−0.07 0.08
+0.01
−0.00
(d) 0.31+0.04
−0.05 4.4
+2.9
−1.7 1.62
+0.21
−0.20 2.70
+0.18
−0.18 322.0/311
XMM-bf ab(pexrav+powerlaw+3mekal+8gauss)(g) 14.7+2.3
−2.1 0.73
+0.06
−0.09 0.08
+0.01
−0.00
(d) 0.31+0.03
−0.06 ... 1.75
+0.21
−0.23 2.32
+0.18
−0.17 317.4/311
(a)The lower limit on the absorption column density fixed to Galactic absorption.
(b)Equivalent Width for Fe Kα line, with respect to the reflected continuum.
(c)Includes contributions from line emission corresponding to Si, S, and Fe Kα at energies 1.75 keV, 2.31 keV and 6.4 keV as well as continuum emission from
the reflected component and 2 MeKaL plasmas.
(d)Parameter value converged to lower limit.
(e)Includes contributions from line emission corresponding to Mg, Si, S, Ca, Fe Kα, Fe Kβ and He-like Fe Kα at energies 1.25 keV, 1.75 keV, 2.31 keV, 3.6
keV, 6.40 keV, 7.05 keV and 6.7 keV respectively as well as continuum emission from the reflected component and 3 MeKaL plasmas.
(f)Includes contributions from line emission corresponding to Mg, Si, S, Ca, Fe and Ni Kα at energies 1.25 keV, 1.75 keV, 2.31 keV, 3.6 keV, 6.4 keV and
7.47 keV; Fe K β at 7.05 keV as well as continuum emission from the reflected component and 4 MeKaL plasmas.
(g)Includes contributions from line emission corresponding to Mg, Si, S, Fe and Ni Kα at energies 1.25 keV, 1.75 keV, 2.31 keV, 6.4 keV, 7.47 keV; Fe K β at
7.05 keV and He-like Fe Kα at 6.7 keV as well as continuum emission from the reflected component, 3 MeKaL plasmas and a scattered powerlaw, with photon
index same as the reflection model.
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Table 2. Line Equivalent Widths for XMM and Chandra data
Instrument Mg K α Si K α S K α Ca K α Fe K α Fe K β Ni K α He-like Fe K α
1.25 keV(a) 1.75 keV(a) 2.31 keV(a) 3.6 keV(a) 6.4 keV(a) 7.05 keV(a) 7.47 keV(a) 6.7 keV(a)
(keV) (keV) (keV) (keV) (keV) (keV) (keV) (keV)
XMM PN+MOS(b) 0.55+0.23
−0.24 0.55
+0.14
−0.15 0.34
+0.15
−0.16 0.08
+0.08
−0.08 2.32
+0.18
−0.16 0.30
+0.02
−0.02 0.31
+0.02
−0.02 2.01
+1.07
−1.07
(c)
Chandra ACIS-S(d) - 0.33+0.17
−0.17 0.34
+0.19
−0.20 ... 2.77
+0.49
−0.49 ... ... ...
(a)Rest frame energies.
(b)Equivalent widths for XMM data using best-fit model XMM-bf, described in Table 1, calculated with respect to reflected
component.
(c)Equivalent width calculated with respect to scattered component of the continuum.
(d)Equivalent widths for Chandra data using best-fit model from Madejski et al. (2006), calculated with respect to reflected
component.
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Table 3. Emission Characteristics from Chandra and XMM-Newton Studies(a)
Energy range Emission Chandra XMM-Newton
6.4 keV Equivalent Width 2.77+0.49
−0.49 keV 2.32
+0.18
−0.16 keV
6.25-6.45 keV Observed Flux 1.35+0.45
−0.50×10
−13 erg cm−2 s−1 1.23+0.09
−0.09×10
−13 erg cm−2 s−1
Observed Luminosity 2.85+0.95
−1.18×10
40 erg s−1 2.68+0.09
−0.29×10
40 erg s−1
2-10 keV Observed Flux 3.84+2.11
−0.46×10
−13 erg cm−2 s−1 3.88+0.18
−0.51×10
−13 erg cm−2 s−1
Observed Luminosity 8.06+1.32
−3.05×10
40 erg s−1 8.15+0.31
−0.94×10
40 erg s−1
(a)Values and ranges from model Chandra-1, fitted to Chandra data, described by Madejski et al. (2006), and
XMM PN+MOS data as described in Table 1.
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Table 4. Observed Properties of Compton-thick Disk Maser Nuclei
(a) (b) (c) (d) (e) (f) (g)
Source MSMBH Disk size DL NH LObs(2-10) Eq. W. CS References
(M⊙) (pc) (Mpc) (cm−2) (erg s−1) (keV) (%)
IC 2560 2.9±0.6×106 0.08-0.27 41.4 > 3×1024 8.2×1040 2.31+0.18
−0.16 <25
(h) (a),(b)- 1.
(d),(e),(f), (g)-this paper
(a),(b)-2.
NGC 4945 ∼1.4×106 ∼0.3 3.7 ∼4×1024 3×1038 1.6+0.1
−0.1 ... (d)-3.
(e)-4.
(f)-5.
(a),(b)-6.
NGC 1068 ∼2×107 0.65-1.1 14.4 ≥1026 5.2×1040 1.2 ∼20 (d)-7.
(e),(g)-8.
(f)-9.
(a)-10.
Mrk 3 ∼ 4.5×108 ... 57.7 1.36+0.03
−0.04×10
24 1.4×1042(i) 0.61+0.03
−0.05 10
+9
−6 (d)-11.
(e),(f),(g)-12.
(a),(b)-13.
Circinus 1.7±0.3×106 0.11-0.4 4.1 4.3+0.4
−0.7×10
24 ∼1040(j) 2.25+0.26
−0.30 20±3 (d)-14.
(e)-15.
(f)-16.
(g)-17.
NGC 3393 3.1±0.2×107 0.17±0.02 53.3 ∼4×1024 3.1+0.2
−0.1×10
40 1.4±0.8 ... (a),(b)-18
(d),(e),(f)-19.
NGC 3079 2×106 ∼0.4 17.3 ∼1025 ∼1040 2.4+2.9
−1.5 ... (a),(b)-20.
(d),(e),(f)-21.
(a),(b)-22
NGC 1386 1.2×106 0.44-0.94 17(k) >2.2×1024 4.9±0.9×1039 1.8+0.4
−0.3 ... (d),(e),(f)-19.
(a),(b)-23.
NGC 4258(l) 3.9±0.3×107 0.12-0.28(m) 7.2 6.0-15 ×1022 2.4-10.4×1039 ≤0.049 (d),(e),(f)-24.
(c) Luminosity distance used in calculation of mass, radius and luminosity for each source
(a),(b),(e)Uncertainties are quoted where they are known. With the exception of NGC 4258, the mass, radius and luminosity in each
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object are uncertain by uncertainties in distance, as well as any modeling uncertainties.
(e)Observed luminosity in 2-10 keV energy range.
(f)Eq. W. of Fe Kα line measured with respect to the reflected component of the spectrum.
(g)Compton shoulder strength relative to the Fe Kα line.
(h)Upper limit obtained by considering only Pattern 0 events.
(i)Calculated from quoted flux in Bianchi et al. (2005b).
(j)Wilson, private communication.
(k)Distance adopted from Henkel et al. (2005)
(l)NGC 4258 is a Compton-thin source and has been included here only for comparison.
(m)Source luminosity range observed over 10 years, variation due to variability in absorption column density.
References. — (1) Greenhill et al.2007 (in preparation), (2)-Greenhill et al. (1997), (3)-Done et al. (2003), (4)-Guainazzi et al.
(2000),(5)-Schurch et al. (2002), (6)-Greenhill & Gwinn (1997), (7)-Matt et al. (1997b), (8)-Pounds & Vaughn (2006), (9)-Matt (2004),
(10)-Woo & Urry (2002), (11)-Pounds & Page (2005), (12)-Bianchi et al. (2005b), (13)-Greenhill et al. (2003), (14)-Matt et al. (1999b),
(15)-Smith & Wilson (2001), (16)-Matt et al. (2000), (17)-Molendi et al. (2003), (18)-Kondratko et al. (2006b), (19)-Guainazzi et al.
(2005),(20)-Kondratko et al. (2005), (21)-Iyomoto et al. (2001), (22)-Braatz et al. (1996), (23)-Argon et al. (2007) and references therein,
(24)-Fruscione et al. (2005).
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Table 5. Inferred Properties of Compton-thick Disk Maser Nuclei
Source LI2−10
(a) LI2−10/LEdd R/RG
(b) Qin(c) Qout(d) Group(e)
(erg s−1)
NGC 4258 4.2-17.4×1040(f) 1-4×10−5 3.2-7.2×104 144 11 A
NGC 3393 4×1041(g) 1×10−4 5.7±0.4×104 - 32 A
IC 2560 6.3×1041(h) 2×10−3 2.8-9.5×105 36 0.9 A
Circinus 1.2×1042(i) 5×10−3 6.7-25×105 8 0.2 A
NGC 1068 2.3×1043(j) 1×10−2 3.4-5.8×105 - - B
NGC 4945 3×1042(k) 2×10−2 2.2×106 - - B
NGC 3079 6-12×1042(l) 2-4×10−2 2.1×106 - - B
NGC 1386 9.6-38.2×1042(m) 6-24×10−2 3.7-7.9×106 - - B
(a)Intrinsic (unabsorbed) luminosity in the 2-10 keV range, after accounting for local
and Galactic absorption.
(b)Radius for maser emission, in gravitational units.
(c),(d)Q parameter computed for the inner and outer radii of maser emission for uni-
form gas disks assuming, particle density of 109 cm−3 characteristic of maser action
from H2O at 22 GHz, and velocity dispersion, vc=1.5×103 km s−1 corresponding to the
sound speed of molecular gas.
(e)Grouping based on disk morphology, Group A: Thin, fairly flat disks, Group B:
Thick disks.
(g) Luminosity from reflection dominated modeling of Beppo-Sax data by Salvati et al.
(1997), preferred over transmission dominated modeling, based on analysis of PN data
by Maiolino et al. (1998).
(l)Intrinsic luminosity quoted by (Kondratko et al. 2006a), using PIMMS, does not
take into account obscuration due to Compton scattering and may be significantly un-
derestimated.
References. — (f)-Fruscione et al. (2005), (g)-Salvati et al. (1997), (h)-this paper,
(i)-Smith & Wilson (2001), (j)-Pounds & Vaughn (2006), (k)-Guainazzi et al. (2000),
(l)-Iyomoto et al. (2001), (m)-Kondratko et al. (2006a)
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Fig. 1.— Chandra image of IC 2560. North is up. Energies 0.3-1.5keV represented by
red, energies 1.5-2.5 keV by green and 2.5-8 keV energy represented by blue colors.Diffuse
emission from galactic plane of IC 2560 is visible as are two discrete sources of emission,
approximately 9.5′′ from the central source, about 50o from the north and 6.1′′ from the
center, about -20o from the north. The image has been smoothed using a Gaussian function
with radius 2 pixels, to suppress statistical noise. Coordinates indicate brightest pixel in
image
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Fig. 2.— Composite PN and MOS data, binned with 20 cts/bin, fit to the Chandra best-fit
model (top) and ∆χ2 residual (bottom). The model is described in Table 1 as Chandra-1.
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Fig. 3.— Best-fit unfolded model and spectrum for XMM PN and MOS data, binned with
20 cts/bin, summarized in Table 1, XMM-bf. Both PN and MOS unfolded data are shown
by red crosses.
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Fig. 4.— Continuum spectrum extrapolated to 200 keV, with contribution from ionized
plasma, scattered and reflected components as well as absorbed intrinsic emission of source.
Absorption column density for intrinsic emission set to 3×1024 cm−2.
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Fig. 5.— Direct component of intrinsic emission through obscuration columns of density
1024 cm−2 (dashed lines) and 1025 cm−2 (solid lines), with only photoelectric absorption
(blue), with photoelectric as well as electron scattering out of line-of-sight but not back into
line-of-sight, corresponding to a very low covering fraction(green), and combination of both
absorption processes including scattering into line-of-sight for unit covering fraction (red).
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[1]
Fig. 6.— Cartoons of possible geometries for AGN in relation to prospective H2O maser
sources. Figure (a) illustrates a warped, thin disk, (b) illustrates a thick disk, where the
masers only trace the disk equatorial plane and (c) shows a flared disk where the disk
thickness increases to h∼r beyond the radius of observed maser emission. Cross-sections
through the disks and maser distributions are shown for (b) and (c). Though masers may
surround the central engines in azimuth, the observer will see only a fraction of the maser
emitting clouds depending on line-of-sight and velocity coherence arguments.
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Fig. 7.— Correlation between observed inner radius of maser emission and modeled intrinsic
bolometric luminosity. Data overplotted with the relation anticipated for external radiative
disk heating and thermodynamic equilibrium, R ∝ L0.5 for disk temperatures 300 K, 400 K,
500 K, 600 K, 700 K, 800 K, 900 K and 1000 K. Disks in Group B dominate the higher end
of the luminosity distribution.
